A reliable assessment method is required to manage the gag reflex. We tested the inter-and intra-examiner reliability and validity of a quantitative measurement method and evaluated the differences between sexes. This study included 21 healthy adults (10 women, 11 men; mean age, 27.1 ± 9.9 years). An examiner inserted a standard saliva ejector slowly down the participant's throat to determine the maximum tolerance of the gag reflex; the insertion depth was used as an index of gag reflex.
| BACKG ROU N D
The gag reflex is a normal, protective, physiological mechanism that occurs to prevent foreign objects and noxious material from entering the pharynx, larynx, and trachea. 1 A proportion of the population has a profound and exaggerated reflex that can cause acute limitation of a patient's ability to accept dental treatment and a clinician's ability to provide it. 2 A recent study reported that the prevalence of self-reported gagging during dental treatment was 8.2%. 3 Despite numerous management strategies, some patients cannot accept even simple dental treatment.
There are two different factors in the gag reflex. Somatic gagging is initiated by sensory nerve stimulation from direct contact; psychogenic gagging is modulated by higher centres in the brain. 4 In somatic gagging, touching a trigger area induces the reflex. Although trigger areas are specific to individuals, sites such as the lateral border of the tongue and certain parts of the palate commonly elicit the reflex. 5 Psychogenic gagging can be induced without direct contact; the sight, sound, smell, or thought of dental treatment can induce the reflex. 4 A precise division between the somatic and psychogenic reflexes is not possible. 4 Thus, some patients who demonstrate a severe somatically induced gag reflex at the dentist are able to brush their teeth, eat, and place other objects in their own mouth without problems. 5 Other factors, such as nasal obstruction, gastrointestinal disorders, heavy smoking, ill-fitting partial or full dentures, variation in the anatomy of the soft palate, and previous unpleasant experiences during dental treatment, may indirectly contribute to the exaggerated gag reflex. 5 Ramsay et al 6 suggested that unpleasant dental experiences result in patients expecting to gag during future similar episodes. A previous study also reported that gagging was associated with female patients, increased dental anxiety, anxious depression, and neuroticism. 3 A number of strategies have been used to control the profound gag reflex and allow dental care. To consider an appropriate evidence-based strategy to control the gag reflex during dental procedures, a reliable method of gag reflex measurement must be established. This study proposed a quantitative measurement method of the gag reflex and evaluated the inter-and intra-examiner reliability, validity, and differences between the sexes of this method.
| ME THODS

| Participants
Twenty-one volunteers (10 women, 11 men; mean age, 27.1 ± 9.9 years; range, 19-49 years) participated in this study. All participants were healthy Japanese who had no psychiatric disorders, somatic illnesses, or oral diseases. None wore partial or full dentures of the maxilla or mandible. None used medication that could influence autonomic nervous activity. The study protocol was approved by the Ethics Committee of the Nippon Dental University School of Life Dentistry (NDU-T2016-13) and confirmed to the guidelines of the Declaration of Helsinki. The participants provided informed consent prior to participation.
| Gag reflex measurement
To measure the gag reflex, a standard disposable saliva ejector (length, 143 mm; diameter, 6.5 mm; Premium Plus Japan Co., Ltd., Osaka, Japan) with a stopper of heavy body addition silicone impression putty (Fusion II Putty Type; GC Corp., Tokyo, Japan) ( Figure 1A) was inserted into the participant's mouth at the maxillary central incisor and guided slowly down the throat along the palate (10 mm/s) ( Figure 1B ). The participants informed the examiner when their maximum tolerance had been reached by pushing a button that beeped (Wireless Chime X800; Revex Co., Ltd., Saitama, Japan). The examiner then removed the saliva ejector. The insertion distance of the saliva ejector from the maxillary central incisor was measured using a digital caliper (Digital Caliper 19975; Shinwa-Sokutei Co., Niigata, Japan), and the distance was used as an index of the gag reflex. The duration of the insertion from the commencement of the insertion to the maximum tolerance was also measured.
F I G U R E 1 Gag reflex measurement process. A, Standard saliva ejector with a stopper made of heavy body addition silicone impression putty. B, The insertion distance of the saliva ejector from the maxillary central incisor at the maximum tolerance was determined as an index of the gag reflex
We performed a pilot study to test the effect of visual stimuli and habituation of the gag reflex measurement method described above. Six 
| Experimental procedure
All measurements were performed in a quiet room under fixed environmental conditions (room temperature, 22-27°C; humidity, 28%-69%; illumination intensity, 300-380 lx), with the participants sitting in a relaxing chair. The time course of the study protocol was explained to the participants ( Figure 2 ). Gag reflex measurements were obtained by one examiner (YK) during two different sessions (S1 and S3) and by a second examiner (AO) in a single session (S2) under the same conditions. Before and after each session, we included a 5-minute rest period to relax and eliminate the carry-over effect of measurement.
| Subjective ratings
Subjective ratings were obtained immediately after each measurement session. The participants rated their own unpleasant feelings (unpleasantness) when their maximum tolerance had been reached.
The ratings of unpleasantness were obtained using a visual analogue scale (VAS; 0-100 mm) ranging from 0 (not at all) to 100 (very strong).
| Physiological measurement
The galvanic skin response (GSR) and heart rate (HR) were recorded during each measurement session as a physiological index of autonomic reactivity. The GSR was recorded by a signal amplifier (GSR Amp FE116;
ADInstruments, Nagoya, Japan) and a high-performance data acquisition system (PowerLab 8/35, PL3508; ADInstruments) with specific GSR sensors consisting of two dry bright-plated bipolar electrodes. The sensors were attached to the medial phalanges of the index and middle fingers of the nondominant hand. The signal was sampled at 1 kHz and recorded using LabChart 8 software (ADInstruments, Nagoya, Japan). The same devices were used to record each participant's electrocardiogram activity. The HR was obtained using a pulse transducer attached to the medial phalanges of the thumb of the nondominant hand. LabChart software was used to identify the peak slope, and the pulse identification was examined. Signals were sampled at 1 kHz and filtered using a 50-Hz low-pass filter. For each session, the differences in GSR and HR between the average value detected in a 10 seconds poststimulus time window and the baseline calculated as the average value of a 30 seconds prestimulus time window were compared. 
| Self-reported questionnaires
We used several self-reported questionnaires to determine the influence of psychological factors on the gag reflex measurement. We assessed the participants' gagging behaviour using a gagging behaviour questionnaire. 21 Participants were classified into one of three groups based on their responses to the item related to the frequency of gagging during dental treatment. Participants who indicated "never" or "rarely" gagging during dental treatment had a minimal frequency of gagging in the clinic; those who indicated "sometimes" or "frequently" had a moderate frequency, and those who indicated "almost always or always" had a high frequency. 21 Trait and state anxiety levels were assessed using the State-Trait Anxiety Inventory-State (STAI-S) and STAI-Trait (STAI-T). 22 The STAI-S and STAI-T consist of 20 statements each that evaluate how the respondent feels at the present moment and how the respondent generally feels. The level of dental fear was assessed using the dental fear survey (DFS), 23 which consists of 20 questions that address anxietyprovoking situations associated with dental treatment. The Japanese versions of the psychometric tests were used in this study; the validity and reliability of these tests have been previously verified.
24,25
| Statistical analysis
Before performing any analyses, the data set was tested for normality using the Shapiro-Wilk test. The data were normally distributed (Shapiro-Wilk test all conditions: P > 0.1). The intraclass correlation coefficient (ICC) and Pearson's correlation coefficient were used to evaluate the inter-and intra-examiner reliability of the gag F I G U R E 2 Time course of the study protocol reflex measurement, the duration of the insertion, and the VAS rating. Paired t tests were used to compare the GSR and HR values before and after the maximum tolerance of the gag reflex to assess autonomic reactivity. A P-value < 0.05 was considered significant. A Student's t test and a Fisher's exact test were used to assess the differences in the sample characteristics between the sexes. A twoway repeated-measures ANOVA was used to assess the differences between sexes, the repeatability of the gag reflex measurement, and the VAS rating. All analyses were performed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY).
| RE SULTS
| Reliability
The mean values of the gag reflex measurements, the duration of the insertion, and VAS ratings of each session are shown in Table 1 .
The ICC of the gag reflex measurement was 0.91 between S1 and S2, reflecting excellent interexaminer reliability, and 0.93 between S1 and S3, reflecting excellent intra-examiner reliability. The ICCs of the duration of the insertion and the VAS rating were 0.71 and 0.80 between S1 and S2, respectively, and 0.88 and 0.81 between S1 and S3, respectively. The correlation coefficient of the gag reflex measurements was 0.83 (P < 0.001) between S1 and S2, and 0.88 (P < 0.001) between S1 and S3, reflecting excellent inter-and intraexaminer reliability. The correlation coefficients of the duration of the insertion and the VAS rating were 0.56 (P = 0.008) and 0.67 (P = 0.001) between S1 and S2, respectively, and 0.80 (P < 0.001) and 0.69 (P = 0.001) between S1 and S3, respectively.
| Autonomic reactivity
The mean values of the GSR and HR at rest and after each session of gag reflex measurement are presented in Table 2 . The GSR significantly increased after the maximum tolerance of the gag reflex in S1, S2, and S3 (P < 0.001, P = 0.004, P = 0.001, respectively). In addition, the HR significantly increased after the maximum tolerance of the gag reflex in S1, S2, and S3 (all, P < 0.001).
| Sex-related differences
The mean values of age, STAI-S, STAI-T, DFS scores, and number of participants who reported a minimal/moderate frequency of gagging during dental care are shown in Table 3 . No significant differences in age, STAI-S, STAI-T, DFS scores, or distribution of the minimal/ moderate frequency of gagging during dental care were observed between sexes.
Differences in gag reflex measurement between the sexes (P = 0.28), the primary effect of the session (S1 vs S2 vs S3), and the interaction effect (sex × session) were not significant (P = 0.43, 0.22, respectively). Differences in the duration of the insertion and VAS rating between the sexes (P = 0.67, 0.58, respectively) and the interaction effect (sex × session) were not significant (P = 0.88, 0.42, respectively). The primary effect of the session (S1 vs S2 vs S3) was only significant for the duration of the insertion and the VAS rating 
| D ISCUSS I ON
In this study, we proposed a quantitative method to measure the gag reflex and evaluated the inter-and intra-examiner reliability, validity, and differences between the sexes of this method. The inter-and intra-examiner reliability were excellent, and no difference between the sexes was detected. Significant internal physiological changes during measurement were also observed, reflecting the validity. Data are presented as the mean ± standard deviation; data were analysed using a paired t test. S1: session 1, measured by YK, S2: session 2, measured by AO, S3: session 3, measured by YK.
TA B L E 1
A number of questionnaires to assess the gag reflex have been presented and revised. 5, 12, 16, 17, 21, 26, 27 Although these questionnaires can identify patients with a gag reflex, they do not provide quantitative information about sensitivity to specific dental procedures. A recent study stated that despite promising developments, a reliable, valid instrument to quantitatively measure gagging sensitivity is still not available. 3 There is wide variation in the sensitivity of the oral cavity and the ability of patients to withstand intraoral stimuli. Five intraoral areas are known "trigger zones": the palatoglossal and palatopharyngeal folds, base of the tongue, palate, uvula, and posterior pharyngeal wall. 9 The gag reflex is normally triggered in the posterior third of the oral cavity at one of the trigger zones. 9 Thus, of the possible dental triggers that could cause gagging, taking dental impressions of the maxilla was the most problematic; most patients experienced difficulties during this procedure. 28 Barenboim et al 19 conducted a pilot study of the efficacy of granisetron, a selective inhibitor of type 3 serotonergic receptors, in gagging patients. They assessed patients' gagging levels by measuring the swab insertion depth from the upper central incisors to the posterior portion of the oral cavity. This method is similar to our method, with one exception: They used a 130-mm bacteriology transport swab. However, they did not show the reliability or validity of their method, and it is generally not used in daily practice. Van Linden van den Heuvell et al 29 suggested that an instrument to measure dental gagging should include the use of different materials and the intensity, duration, and location of the stimulus applied. In the present study, we used a standard saliva ejector as a trigger stimulus for certain parts of the palate and measured the distance of the saliva ejector from the maxillary central incisor and the duration of the insertion. As these two parameters were significantly correlated (r = 0.59, P < 0.001, data not shown), they could be suitable for the assessment of an intervention to control the gag reflex while taking maxillary impressions.
Excellent inter-and intra-examiner reliability of the gag reflex measurement method were observed in this study, indicating that the method enables examiners to measure the gag reflex with uniform precision. We also used a VAS to confirm whether the participants had similar unpleasant experiences when their maximum tolerance had been reached during different measurement sessions.
The VAS ratings had excellent inter-and intra-examiner reliability.
The results also indicate that the method has excellent reproducibility. However, there was no significant correlation between the gag reflex measurement and the VAS rating in each session (data not shown). These findings may indicate that the objective measurement value is not consistent with the subjective rating.
To assess the validity of our method, we recorded the GSR and HR as a physiological index of autonomic reactivity. Homma et al 30 stated that mental stress activates the inferior frontal gyrus, the lateral part of the hippocampus, and the medial part of the amygdala, and the mental sweating response occurs 5-6 seconds later. Thus, we analysed the GSR using the mean amplitude of the phasic GSR during the first 10 seconds after the maximum tolerance of gag reflex onset.
Although the baseline of the HR in each session did not change throughout the time course of the experiment, the baseline of the GSR gradually increased. However, the change values of the GSR between pre-and poststimulus time window in three sessions were exceedingly similar. Thus, we compared the GSR and HR in three pairs for the pre-and poststimulus time window. Our results showed that the GSR and HR significantly increased after the maximum tolerance of the gag reflex in each session. Gagging may be accompanied by excessive salivation, lacrimation, sweating, and fainting. 9 Hence, the autonomic reactivity after the maximum tolerance of the gag reflex that was achieved during measurement indicates the validity of the method.
In our study, sample characteristics (age, levels of state anxiety and trait anxiety, level of dental fear, and frequency of gagging during dental treatment) were not significantly different between male and female participants. These results indicate that the influence of psychological factors of gag reflex measurement was nearly equal between the sexes. Moreover, our results showed there was no significant difference in the gag reflex measurement, the duration of the insertion, or VAS rating between the sexes. A previous study reported that sex did not influence the distribution of the self-reported gagging problem assessment scores or the observerdetermined tolerance scores. 18 This finding may be consistent with our data showing there was no significant difference between the gag reflex measurements of women and men.
However, there is some controversy regarding differences in gag reflex between the sexes. Saita et al 12 performed an intraoral TA B L E 3 Sample characteristics in female and male participants examination and classified patients into five grades according to gag reflex. They reported that the gagging severity score of male patients was significantly higher than that of females, but there was no significant difference in the STAI or dental anxiety scale scores among the grades. Meanwhile, van Houtem et al 3 reported that the patients' self-reports of gagging were significantly associated with female sex and dental anxiety. The difference in our results may be attributed to variations in the number of participants and the population. Our study included more participants who reported a minimal frequency of gagging in the clinic and a lower level of dental anxiety. The mean level of DFS among the Japanese population is estimated to be 37.4 ± 14.1. 25 However, the mean scores of the female and male participants in our study were 33.0 ± 14.5 and 28.6 ± 7.8, respectively. These factors may have contributed to the lack of an observed difference in the measured gag reflex and dental anxiety between sexes.
Our study included limitations. Most participants had a minimal frequency of gagging during dental treatment, and only one male participant had a moderate frequency. Our study evaluated the individual maximum tolerance of the gag reflex during the tactical stimulation of the anterior and posterior faucial pillar and soft palate. However, we could not attempt to determine the measurement to distinguish among patients with different levels of gag reflex; further research is necessary. A larger sample with more participants with a severe gag reflex would enable analysis according to the degree of gag reflex.
In conclusion, the present method of gag reflex measurement had excellent inter-and intra-examiner reliability, which was unaffected by sex, and a significant autonomic response, which is common for this reflex. The measurement method in our study can be used to measure the effect of an intervention on an individual. This study may help quantify further studies and develop additional treatments for gagging problems.
ACK N OWLED G M ENTS
This study was conducted in accordance with the Declaration of Helsinki, and each participant received oral and written information about the study before providing informed consent. The study protocol was reviewed and approved by the Ethics Committee of the Nippon Dental University School of Life Dentistry (NDU-T2016-13).
CO N FLI C T S O F I NTE R E S T
Dr. Karibe reports grants from Japan Society for the Promotion of Science, during the conduct of the study. Dr. Okamoto reports grants from Japan Society for the Promotion of Science, during the conduct of the study. The other authors have stated explicitly that there are no conflicts of interest in connection with this article.
O RCI D
Hiroyuki Karibe http://orcid.org/0000-0003-3197-5604
